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SERVO APPARATUS, AND CONTROLLING
METHOD OF SERVO APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a servo apparatus which
generates a driving instruction for driving a motor based on an
input indicated angle, and provides the generated driving
instruction to the motor to drive and control the motor, and
relates to a controlling method of the servo apparatus.

2. Description of the Related Art

In recent years, for example, in a robotic cell apparatus
which is equipped with a plurality of multi-joint robots and
works just like a human, the number of the multi-joint robots
tends to increase, and thus a small and inexpensive servo
apparatus is required as the servo apparatus to be used for
each joint of the multi-joint robot. For this reason, in the
industrial multi-joint robot, a servo apparatus which has been
developed from a servo apparatus for the purpose of hobby is
often used as the servo apparatus for driving the joint of the
robot.

The servo apparatus (e.g., “RS405CB” manufactured by
Futaba Corporation) for the robot comprises, e.g., a brushless
DC (direct current) motor, a potentiometer for detecting out-
put rotation of the DC motor, and a controlling unit. More
specifically, if an indicated angle is input by a serial signal
according to the RS-485 (recommended standard 485) or the
like, the controlling unit of the servo apparatus performs
feedback control to the motor based on the detected angle
from the potentiometer, and concurrently controls the angle
position of the motor by a torque controlling (elastic control-
ling) method. Incidentally, the potentiometer detects a volt-
age change of a resistor in an analog manner, and performs
AD (analog-to-digital) conversion to convert the detected
voltage change (analog signal) into a digital signal with, e.g.,
12 bits (4096 stages), thereby achieving resolution of 0.1
degrees (3600 stages).

Incidentally, to increase resolution of a shaft angle (also
called shaft angle resolution, hereinafter), it is considered to
also increase resolution of the AD conversion. However, even
if the resolution of the AD conversion is further increased, it
is impossible to increase the shaft angle resolution because
the detected value is unreliable due to noises. Under the
circumstances, it is hard to further increase the shaft angle
resolution as long as noise reduction in the AD conversion is
not remarkably improved.

On another front, Japanese Patent Application Laid-Open
No. 2002-165493 proposes a stepping motor which enables
micro-step driving. In this case, the stepping motor can per-
form position control of a shaft angle between full steps by
changing over adjacent two full-step excitation states based
on time ratio.

As for the relation between the indicated angle and the
torque in the servo apparatus such as RS405CB manufactured
by Futaba Corporation, it is impossible to perform the torque
control of the angle position which is less than the resolution.
On another front, in recent years, there is a case where it is
required to mount a camera to the tip of the multi-joint robot
and minutely move the tip position of the multi-joint robot
based on the image taken by the camera during work or the
like. For example, an image which was taken by the camera
having 2048x1536 pixels at a distance of 50 mm has the pixel
pitch of about 28 um. However, for example, in a case where
the distance of the joint moving at the tip position of the
multi-joint robot is 200 mm from the tip position, if control is
performed at the angle position of 0.1 mm, then the moving
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resolution thereof is about 350 pm. Therefore, even if the
resolution in image recognition is two to three pixel pitches,
it is required to set the resolution of the angle position control
of the servo apparatus to at least %4 or less.

On another front, since the stepping motor performs driv-
ing with angles obtained by equally dividing a mechanical
angle (shaft angle) by an electrical angle, there is a problem
that the stepping motor is not appropriate for a high-speed
rotation operation. In this connection, in a case where the
stepping motor which is difficult to perform the high-speed
rotation operation is intended to be used for the industrial
multi-joint robot, if a speed reducer lies therein, the driving
speed of the stepping motor decreases as a whole, whereby
production speed decreases resultingly. In order not to use the
speed reducer to prevent such inconvenience, it is necessary
to increase the output torque of the stepping motor. In such a
case, when the stepping motor is mounted for the joint of the
multi-joint robot, it is necessary to enlarge the size of the
stepping motor itself in consideration of output performance,
prevention of step out, and the like. Consequently, it is diffi-
cult to adopt the stepping motor from the aspect of mount-
ability.

SUMMARY OF THE INVENTION

In consideration of such a problem as described above, the
present invention aims to provide a servo apparatus which
comprises a motor, a shaft angle detecting unit and a control-
ling unit, performs standard control of an angle position by a
torque controlling method, and enables to perform driving
control corresponding to a fraction multiple of a predeter-
mined angular unit, and further aims to provide a controlling
method of the servo apparatus.

The present invention is characterized by a servo apparatus
comprising: a motor configured to output rotation; a shaft
angle detecting unit configured to detect an angle change ofa
shaft rotating by the rotation output of the motor, for a pre-
determined angular unit; and a controlling unit configured to
be able to perform standard control of, based on an input
indicated angle, generating an integer multiple driving
instruction corresponding to an integer multiple of the prede-
termined angular unit, and providing the generated integer
multiple driving instruction to the motor to drive and control
the motor, wherein the controlling unit can perform micro
control of, based on the input indicated angle, providing, to
the motor, a fraction multiple driving instruction in which
instructions corresponding to the integer multiple of the pre-
determined angular unit are arranged to form a predetermined
pattern with a predetermined period and an average value
thereof corresponds to a fraction multiple of the predeter-
mined angular unit, to drive and control the motor.

Further, the present invention is characterized by a control-
ling method for a servo apparatus, which comprises: a motor
configured to output rotation; a shaft angle detecting unit
configured to detect an angle change of a shaft rotating by the
rotation output of the motor, for a predetermined angular unit;
and a controlling unit configured to be able to perform stan-
dard control of, based on an input indicated angle, generating
an integer multiple driving instruction corresponding to an
integer multiple of the predetermined angular unit, and pro-
viding the generated integer multiple driving instruction to
the motor to drive and control the motor, wherein the control-
ling unit carries out a micro controlling step to perform micro
control of, based on the input indicated angle, providing, to
the motor, a fraction multiple driving instruction in which
instructions corresponding to the integer multiple of the pre-
determined angular unit are arranged to form a predetermined
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pattern with a predetermined period and an average value
thereof corresponds to a fraction multiple of the predeter-
mined angular unit, to drive and control the motor.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a servo apparatus
according to embodiments of the present invention.

FIG. 2 is a diagram illustrating a constitution of a potenti-
ometer.

FIG. 3 is a diagram for describing relation between shaft
angle errors and output torque in torque control of the servo
apparatus.

FIG. 4 is a flow chart for describing micro control of the
servo apparatus.

FIG. 5 is a diagram illustrating an arrangement of driving
instructions in the micro control.

FIG. 6 is a time-series diagram illustrating the arrangement
of the driving instructions of FIG. 5.

FIG.7 is a diagram illustrating expectation values of detec-
tion of shaft angle changes in the micro control.

FIG. 8 is a flow chart for describing a changeover between
standard control and the micro control.

FIG. 9 is a schematic diagram illustrating an articulated
robot to which the servo apparatus according to the present
invention is applicable.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to FIGS. 1 to 9. Initially,
a multi-joint (or articulated) robot to which a servo apparatus
according to the present invention is applicable will be
described with reference to FIG. 9.

As illustrated in FIG. 9, a multi-joint robot 100 is consti-
tuted by a six-joint robot arm 101 located on a base 150 and a
work tool (end effector) 102 fixed to (held at) the tip of the
robot arm 101. A later-described servo apparatus 1 is incor-
porated in each of joint shafts J1 to J6 in the six-joint robot
arm 101. The work tool 102 is, for example, a tool which
performs desired working to a work or the like. For example,
a camera (not illustrated) for imaging the work or the like is
fixed and supported to the work tool.

As for the multi-joint robot 100, the angle position of each
of the joint shafts J1 to J6 is driven and controlled by a
not-illustrated controlling apparatus, based on a teaching
point taught by a means such as a teaching pendant or the like
for teaching a track or speed. That is, a signal of an indicated
angle is provided to a later-described controlling unit 10 of
the servo apparatus incorporated in each of the joints, from
the not-illustrated controlling apparatus. In addition, an
image of the work or the like imaged by the camera is trans-
mitted to the not-illustrated controlling apparatus, and then a
position/posture of the work or the like is calculated by a
predetermined image process to the transmitted image. The
not-illustrated controlling apparatus provides the signal of the
indicated angle to each servo apparatus 1 so as to finely adjust
the angle position of each of the joint shafts J1 to J6 based on
the calculated position/posture of the work or the like such
that the work tool 102 is set to a position suitable for the work.
Incidentally, the present embodiment will be described on the
premise that the servo apparatus 1 is incorporated in each of
the joint shafts J1 to J6. However, it is also possible to perform
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later-described micro control if the servo apparatus 1 is incor-
porated in at least one of the joint shafts J1 to J6.

Subsequently, an example of the servo apparatus 1 will be
described with reference to FIG. 1. Roughly speaking, the
servo apparatus 1 is constituted by a motor 14, a speed reducer
7, a potentiometer 6 and the controlling unit 10. The speed
reducer 7 composed of eight gears reduces the rotation speed
of'the motor 14, transmits the reduced speed to an output shaft
gear 3, and then outputs the rotation from an output shaft 1A
connected to the output shaft gear 3. The output shaft 1A is
rotatably supported with a servo housing by bearings 2 and 4
and also connected to a connecting shaft 5. That is, the output
shaft 1A and the connecting shaft 5 are rotated by the rotation
output of the motor and also connected to the potentiometer 6.

As illustrated in FIG. 2, the potentiometer (shaft angle
detecting unit) 6 comprises a resistor 19 positioned on the
outer periphery of the connecting shaft 5, and a resistor 18
positioned on the further outer periphery of the resistor 19. In
addition, support plates 23 and 24 are connected to the con-
necting shaft 5, and a conductor 22 is supported to the support
plates 23 and 24. As for the conductor 22, a sliding portion 20
is slidably in contact with the resistor 18, and a sliding portion
21 is slidably in contact with the resistor 19. Further, refer-
ence voltage terminals 16 and 17 are connected to the resistor
18, and a shaft angle detecting terminal 15 is connected to the
resistor 19.

Therefore, as for the potentiometer 6, if the connecting
shaft 5 rotates, the sliding portions 20 and 21 rotate while
respectively sliding along the resistors 18 and 19. Then, the
voltage value of the resistor 19 is varied in an analog manner
through the conductor 22 from that of the resistor 18 to which
the reference voltage is applied by the reference voltage ter-
minals 16 and 17, and a rotation change is output from the
shaft angle detecting terminal (detector) 15 to a signal line 8
as an analog value.

The controlling unit 10 is constituted by a later-described
fraction multiple driving instruction unit 11, a controller unit
12 and a driver unit 13. Moreover, the controlling unit 10 is
connected to a signal line 9, which is connected to an input
terminal for inputting the signal of the indicated angle by a
serial communication standard such as RS485 (Recom-
mended Standard 485) or the like. Also, the controlling unit
10 is connected so as to be able to freely transmit a driving
instruction to the motor 14.

The above controlling unit 10 can perform standard control
of performing driving control of the motor by a torque con-
trolling method while performing feedback control based on
the detected result of the potentiometer 6, and also perform
the micro control according to the present invention. Here, the
operation of the servo apparatus 1 to be performed when the
standard control is performed will be described first. In the
present embodiment, a case where the output shaft 1A ofthe
servo apparatus 1 is driven and controlled with a level of an
integer multiple of the shaft angle resolution (a predeter-
mined angular unit) A to the resolving power of a shaft angle
position which can be detected with the digital value after the
AD conversion of the potentiometer 6 is called the standard
control. On the other hand, a case where the output shaft 1A
of the servo apparatus 1 is driven and controlled with a level
of a fraction multiple of the shaft angle resolution A (i.e.,
minute as compared with the resolution of the potentiometer
6) is called the micro control. Here, it should be noted that “a
predetermined angular unit” is equivalent to a unit of a pre-
determined angle.

In the standard control, for example, to the controller unit
12 of the controlling unit 10, a signal of an indicated angle 6d
calculated by the controlling apparatus of the multi-joint
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robot 100 is input from the signal line 9, and the above analog
value is input from the shaft angle detecting terminal 15 of the
potentiometer 6. The controller unit 12 performs AD conver-
sion to the analog value input from the shaft angle detecting
terminal 15 at the 12-bit level and generates the digital value
being the predetermined angular unit. In this case, the con-
troller unit 12 calculates an average value by averaging the
digital values obtained by the predetermined number of AD
conversions, and calculates a shaft angle 6p of the shaft angle
resolution A (i.e., the predetermined angular unit) having no
fluctuation by using the average value as the shaft angle data
of'the output shaft 1A. Then, an output torque of the motor 14
is calculated from an angle difference (8p-0d) between the
input indicated angle 8d and the shaft angle 6p detected by the
potentiometer 6, and the calculated torque is transmitted to
the driver unit 13. The driver unit 13 can drive and control the
motor 14 by the torque controlling method, that is, by pro-
viding an integer multiple driving instruction of the shaft
angle resolution A of the potentiometer 6 to the motor 14
based on the output torque of the motor 14 calculated by the
controller unit 12.

Subsequently, the torque controlling method will be
described in detail with reference to FIG. 3. In FIG. 3, the
horizontal axis indicates the angle difference (6p-6d)
between the indicated angle 6d and the shaft angle 6p, and the
vertical axis indicates the output torque to be applied to the
output shaft 1A for the angle difference (6p—0d). As for the
directions of the angle difference and the output torque, the
clockwise direction is denoted by CW and the counterclock-
wise direction is denoted by CCW. In the servo apparatus 1, at
respective values s1 and s2 of the angle difference (6p-06d),
the output torque is limited at T1 and T2 respectively.

For example, when the CW-direction torque T is applied to
the output shaft 1A, the angle difference (Bp-08d) occurs in the
CW direction, and is counterbalanced at the shaft angle that
the torque T is generated in the CCW direction. Since the
servo apparatus 1 has “a spring characteristic” that the dis-
placement is proportional to external force, this apparatus is
also called an elastic control servo. Since torques T1 and T2
are the maximum torque, “a spring constant” indicating an
inclination of the straight line is generally determined by the
values s1 and s2 respectively. The values s1 and s2 and a shaft
angle movement time tm can be properly set by the serial
signal same as that for the indicated angle 6d.

In the standard control of the servo apparatus 1, the torque
control is performed in units of a torque control interval t0
shorter than the shaft angle movement time tm. Therefore, as
the indicated angle actually used by the controller unit 12 in
control timing, the interpolated indicated angle is used.
Therefore, if the shaft angle movement time tm is shortened,
as for the instantaneous torque, the torque is generated within
the range of Ta and Td distant from the torque T and quickly
converged on the torque T. On the contrary, if the shaft angle
movement time tm is prolonged, the torque can be converged
on the torque T within the range of Tb to Tc in the vicinity of
the torque T.

In the multi-joint robot 100 which controls the servo appa-
ratus 1 by this torque controlling method, an angle of each
joint is not equal to the indicated angle due to external force.
Therefore, the position or posture of the work tool 102 can be
moved to the desired position or posture by recognizing it
from the image including the work or the like with use of, e.g.,
acamera, and then, based on the recognized result, correcting
the indicated angle for each the servo apparatus 1 with use of
the controlling apparatus of the multi-joint robot 100. In the
multi-joint robot 100 including the above torque-control
servo apparatus, it is possible to achieve the robot control
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6

capable of flexibly coping with external factors (e.g., a weight
change of the work, etc.) as compared with the case where a
position control servo using the stepping motor or the like is
used.

Subsequently, the micro control according to the present
invention will be described. Incidentally, in the present
embodiment, the number of arrangements for the fraction
multiple is set as N=8. That is, a case of performing the micro
control at x/8 (x is an integer) of the shaft angle resolution A
(i.e., the predetermined angular unit) will be described.

As indicated in FIG. 4, when the controlling unit starts the
micro control, in a step S1-1, the torque control setting in the
controller unit 12 is performed. In the torque control setting,
first, the values s1 and s2 for determining the “spring con-
stant” and the shaft angle movement time tm are set. Here, it
is desirable to set the values s1 and s2 to be closer to “0”
(small value) as compared with the case of the standard con-
trol in order to improve sensitivity in the micro control. Also,
in the torque control setting, a micro control interval tu is set.
Here, the micro control interval tj1 is set to be equal to or larger
than the torque control interval t0 of the servo apparatus 1.

Next, in a step S1-2, a start angle d0, a movement angle
amount d1 and a shaft angle staying frequency d2 are set as
the shaft angle movement conditions in the micro control. The
start angle d0 is angle information which includes fraction
values (x/8, x is in the range of 0 to 7) more precise than the
shaft angle resolution A, and the movement angle amount d1
corresponds to a fraction value (every %&). Further, if it is
assumed that the CW direction corresponds to a positive
number and the CCW direction corresponds to a negative
number, it is also possible to set the movement direction.
Since a shaft angle staying time in the micro control is set by
the shaft angle staying frequency d2, it is possible to set a
shaft angle movement speed.

In a step S1-3, the fraction multiple driving instruction unit
11 of the controlling unit 10 generates a fraction multiple
driving instruction d[8:1] arranged every shaft angle resolu-
tion A from the start angle d0. An example of the fraction
multiple driving instruction d[8:1] is indicated in FIG. 5. In
FIG. 5, “n” denotes an arrangement number, and “a” to “h”
denote driving instruction value patterns for the motor 14
every fraction multiple (%% to 74) for the shaft angle resolution
A.

The fraction multiple driving instruction values in FIG. 5
will be illustrated in FIG. 6. Here, it should be noted that, in
the drawing, the vertical axis direction represents the angle
instruction and the horizontal axis direction represents time.
As indicated in FIG. 6, the driving instruction patterns (pre-
determined patterns) every fraction multiple at the torque
control interval t0 in the micro control are arranged so as to
vibrate with a predetermined-period amplitude across the
average value Bave. The driving instruction value patterns of
“a” to “h” respectively have the average values Oave corre-
sponding to the fraction multiples (%% to 74) according to their
minute amplitudes. The driving instruction value patterns of
“a” to “h” indicated in FIGS. 5 and 6 are examples that the
change amount is suppressed as much as possible in the
variation amplitude or the approximate fraction value, and
examples that the amplitude variation is dispersed and the
frequency component included in the amplitude variation is
increased as much as possible. Incidentally, the driving
instruction value patterns of “a” to “h” are not limited to the
above arrangement, and the amplitude width is not limited to
“A” or “2A”.

In steps S1-4 to S1-8, for example, angle instructions d[i]
according to the driving instruction value patterns of “a” to
“h” of the fraction multiple driving instruction values indi-
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cated in FIG. 5 are sequentially provided to the motor 14 for
the start angle d0, and the shaft angle 6pli] is detected and
stored from the potentiometer 6 every time the angle instruc-
tion is provided. For example, i=1 is set in the step S1-4, an
angle instruction d[ 1] is provided to the motor 14 in the step
S1-5, and then a shaft angle 6p[1] is detected and stored in the
step S1-6 after the micro control interval ti. Then, this opera-
tion is repeated until i=N (N=8 in the present embodiment) is
obtained via the steps S1-7 and S1-8. Incidentally, to generate
a later-described shaft angle expectation value arrangement,
it is necessary to perform the above detecting and storing
operations of the shaft angle 0p[i] (the steps S1-4 to S1-8) by
the number of times equal to or larger than the division
number N of the fraction (eight times in the present embodi-
ment). Thus, it is possible to know the status of the shaft angle
Op including fluctuation at the start angle d0 when performing
the micro control.

Inthe above process, if the micro control interval ti is made
smaller than the shaft angle movement time tm, the actual
instructed angle becomes an interpolated angle, a minute
torque is generated, and the oscillation of the shaft angle
becomes sufficiently smaller than that of the shaft angle reso-
Iution A. The oscillation status of the shaft angle can be also
set by the values s1 and s2 for determining “spring constant”.

Subsequently, in a step S1-9, a shaft angle expectation
value arrangement p[8:1] which is the average value of the
shaft angle Op[i] calculated for the start angle d0 is calculated.
Incidentally, it should be noted that the shaft angle expecta-
tion value arrangement p[N:1] is such an arrangement char-
acterized in that the arrangement regarding the number of
times of detecting the shaft angle change A by the potentiom-
eter 6 in the micro control is recorded every driving instruc-
tion value pattern (that is, fraction multiple).

In particular, in the present embodiment, the minimum
value 01, the maximum value (61+A) and the number of “+A”
at the minimum value 61 are calculated among the above
stored shaft angle Op[i]. Then, the shaft angle expectation
value arrangement p[8:1] is generated every fraction multiple
in correspondence with the maximum value (81+A) of the
shaft angle.

As indicated in FIG. 7, in the shaft angle expectation value
arrangement p[8:1], “n” denotes an arrangement number, and
“a” to “h” correspond to the number of “+A” at the maximum
value (01+A). In the present embodiment, to simplify the
description, “a” to “h” of the shaft angle expectation value
arrangement indicated in FIG. 7 are set to the same as the
arrangement elements varying in regard to the “a” to “h” of
the driving instruction value patterns in FIGS. 5 and 6.

Consequently, the driving angle of the motor 14 in the
later-described micro control can easily follow the shaft angle
variation responding to the angle instruction variation of the
fraction multiple driving instruction d[8:1].

As for the shaft angle detection by the potentiometer 6, the
shaft angle Op of the shaft angle resolution A without fluctua-
tion is obtained by providing the average value of the prede-
termined-number AD conversions of the analog value as the
digital value of the shaft angle in the above standard control.
However, in the micro control, since a comparing operation to
be performed with the shaft angle expectation value arrange-
ment p[N:1] corresponds to the average value process, it is
desirable to cancel the average value process of the digital
value or reduce the number of times of the averaging. Thus,
since it is possible to shorten the detecting time of the shaft
angle Op and thus shorten the torque control interval t0, it is
possible to shorten the micro control interval tyi.

As described above, when the various settings in the micro
control are ended as the preparation step, the process
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advances to steps S1-10 and S1-11. In the step S1-10, as to the
indicated angle, positive or negative of “k” is set considering
positive or negative of the shaft angle movement amount d1.
Here, k=1 is first set. In the step S1-11, the indicated angle
d0+k/8 (d0-k/8 if negative) is set so as to be the value changed
by only the fraction multiple of % of shaft angle.

Next, in a step S1-12, an angle instruction dd=d[1], which
is the driving instruction pattern of the fraction multiple driv-
ing instruction, is updated for the indicated angle d0+k/8
(d0-k/8 if negative) by using the fraction multiple driving
instruction d[8:1] indicated in FIGS. 5 and 6. In a case where
the current indicated angle is at a position (h) of 7 of the shaft
angle resolution A and the shaft angle is increased to 8/8 by
the indicated angle d0+k/8, “+A” is added to each element of
“a” of the driving instruction pattern, and the obtained result
is used as the angle instruction. On the contrary, in a case
where the current indicated angle is at a position (a) of % of
the shaft angle resolution A and the shaft angle is decreased to
7% by the indicated angle d0-k/8, “~A” is added to each
element of “h” of the driving instruction pattern, and the
obtained result is used as the angle instruction.

Subsequently, in a step S1-13, a shaft angle expectation
value is updated for the indicated angle d0+k/8 (d0-k/8 if
negative) by using the shaft angle expectation value arrange-
ment p[8:1] indicated in FIG. 7. In a case where the current
shaft angle expectation value arrangement is at a position (h)
of 74 of the shaft angle resolution A and the shaft angle is
increased to 8/8 by the indicated angle d0+k/8, “+A” is added
to each element of “a” of the shaft angle expectation value
arrangement, and the obtained result is used as the shaft angle
expectation value. On the contrary, in a case where the current
shaft angle expectation value arrangement is at a position (a)
of % of the shaft angle resolution A and the shaft angle is
decreased to 74 by the indicated angle d0-k/8, “~A” is added
to each element of “h” of the shaft angle expectation value
arrangement, and the obtained result is used as the shaft angle
expectation value.

Then, in steps S1-14 to S1-25, the motor 14 is actually
driven by the fraction multiple driving instruction dd, the
fraction multiple driving instruction dd is updated as needed
while detecting the shaft angle Op so as to have the shaft angle
expectation value arrangement set in the step S1-13, and the
output shaft 1A is driven and controlled.

That s, first, j=1 is set in the step S1-14 and i=1 is set in the
step S1-15. In the step S1-16, the fraction multiple driving
instruction dd (here, d[1]) set in the step S1-12 is actually
provided to the motor 14, and the output shaft 1A is driven and
controlled. Next, after the micro control interval tu, the shaft
angle Op is detected by the potentiometer 6 in the step S1-17.
Then, a next fraction multiple driving instruction dd is calcu-
lated and set by subtracting the difference between the shaft
angle Op and a shaft angle expectation value arrangement p[1]
from a next fraction multiple driving instruction d[2].

Thereafter, the motor 14 is driven and controlled by the
fraction multiple driving instruction dd, which is updated as
needed as described above, until reaching i=8 via the steps
S1-19 and S1-20. Therefore, if the shaft angle 0p is different
for the shaft angle expectation value arrangement p[i], the
next fraction multiple driving instruction dd is modified so as
to correct the difference of the shaft angle 6p.

The operations in the above steps S1-16 to S1-20 are
repeated until the value j becomes the shaft angle staying
frequency d2 via steps S1-21 and S1-22. In the above opera-
tion, although the average value of the fraction multiple driv-
ing instruction does not always become the fraction value of
the indicated angle, the average value of the shaft angle 6p
comes close to the average value of the shaft angle expecta-
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tion value arrangement p[N: 1], that is, the movement angle of
the shaft angle 6p gradually comes close to the fraction mul-
tiple (x/8) of the shaft angle resolution A of the potentiometer
6. Thus, the fraction movement amount of the shaft angle, to
which the driving instruction was given, is realized.

When the value j reaches the shaft angle staying frequency
d2, one addition (k=k+1) or one subtraction (k=k-1) is per-
formed until the value k reaches a movement angle amount d1
via steps S1-23 and S1-24, and this operation is repeated until
reaching the indicated angle d0+d1/N. When the movement
amount of the output shaft 1A detected by the potentiometer
6 reaches a shaft angle movement amount d1, a stand-by state
is kept until the shaft angle movement time tm elapses in a
step S1-25 without changing the fraction multiple driving
instruction d[8:1] and the shaft angle expectation value
arrangement p[8:1]. That is, the shaft angle 6p is controlled so
as to gradually come close to the shaft angle 6p moved by
only d1x(A/8) from the initial angle, and is held in that state.
Then, the micro control is ended when the shaft angle move-
ment time tm elapses.

According to the above driving control of the shaft angle by
the micro control, as for the shaft angle Op, the shaft angle can
be moved and held with the shaft angle resolution corre-
sponding to the fraction multiple (about %) of the shaft angle
resolution A of the potentiometer 6. In addition, if the number
of arrangements N of'the fraction multiple driving instruction
d[N:1] is increased, it is possible to perform the more precise
driving control of the shaft angle, and it is further possible to
improve the resolution of the shaft angle driving.

In the present embodiment, the fraction multiple driving
instruction unit 11 is incorporated in the controlling unit 10.
However, since it is unnecessary to integrate the fraction
multiple driving instruction unit 11 and the servo apparatus 1
with each other, the fraction multiple driving instruction unit
can be functioned as the controlling method of the servo
apparatus for the conventional servo apparatus. In a case
where the fraction multiple driving instruction unit 11 is
integrally incorporated into the servo apparatus 1, if the start
angle d0, the shaft angle movement amount d1 and the shaft
angle staying frequency d2 are transmitted to the controlling
unit 10 of the servo apparatus 1, then it is possible to easily
perform the micro control.

In a case where the indicated angle data determined with
the shaft angle resolution A of the potentiometer 6 is consti-
tuted by 12 bits, the indicated angle is generally transmitted to
the servo apparatus 1 with two byte (16 bits). In the servo
apparatus 1 to which the present invention is applied, if the
number of arrangements of the fraction multiple driving
instruction d[N:1] is set as N=8, three bits are assigned as the
fraction value of the indicated angle, and one bit is assigned
for a changeover between the micro control and the standard
control. Inthis case, the total bit number of the indicated angle
is equivalent to 16 bits as well as a general servo apparatus,
and it is thus possible to perform the changeover between the
micro control and the standard control. Since the above micro
control including the fraction multiple driving instruction
d[N:1] and the shaft angle expectation value arrangement
p[N:1] can be achieved by software process as a whole, a cost
increase necessary for integrally incorporating the fraction
multiple driving instruction unit into the servo apparatus 1
almost never occurs.

Subsequently, a case where the multi-joint robot 100 is
controlled by the combination of the micro control and the
standard control will be described with reference to FIG. 8. As
described above, in the micro control, since the output shaft
1A is minutely driven for the plural-time shaft angle control,
the shaft angle movement speed is lower than that in the
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standard control. Therefore, as for the shaft angle driving
operation for each joint performing the operation of the multi-
joint robot 100, it is desirable to change over and use the
standard control and the micro control. Hereinafter, the
changeover between the standard control and the micro con-
trol will be described.

As indicated in FIG. 8, in a step S2-1, the position/posture
of'apredetermined part of the work tool 102 is instructed from
the controlling apparatus of the multi-joint robot 100 by the
standard control, for example, as a position/posture P0 in the
vicinity of the work starting condition. In this case, the servo
apparatus 1 of each joint performs the shaft angle driving
corresponding to the position/posture PO by the standard con-
trol, and the predetermined part ofthe work tool 102 moves to
the position being in the vicinity of the position/posture P0.

In a step S2-2, the position/posture of the predetermined
part of the work tool 102 is instructed by the micro control so
as to be a position/posture P1 of the work starting condition.
Thus, the servo apparatus 1 of each joint performs the shaft
angle driving corresponding to the position/posture P1 by the
micro control. Next, in a step S2-3, the predetermined part of
the work tool 102 or a predetermined position of an object
(not illustrated) such as the work or the like are confirmed by
acamera incorporated in the tip of the multi-joint robot 100 or
another multi-joint robot. If the work starting condition is not
satisfied in a step S2-4, the position/posture P1 is corrected in
a step S2-5 based on the confirmed result such that the posi-
tion/posture of the predetermined part of the work tool 102
satisfies the work starting condition. Since the servo appara-
tus 1 to be used adopts the torque controlling (elastic control-
ling) method, it serves as a force sensor which can recognize
the external force applied to each servo apparatus 1 and the
external force direction by the difference between a desired
angle and the average value of the shaft angle 6p. Conse-
quently, it is possible to use the servo apparatus 1 as a con-
firming unit. Incidentally, the correcting operation of the
position/posture P1 using the servo apparatus 1 as the force
sensor is not always indispensable. Namely, only a correcting
operation from the image recognition by the camera or the
like may be performed.

If the position/posture of the work tool 102 for the object
becomes satisfactory by the micro control, in a step S2-6, the
desired work is performed to the object by the work tool 102.
At this time, when the robot arm 101 of the multi-joint robot
100 is driven, the controlling method of each servo apparatus
1 may be the micro control or the standard control.

If the work by the work tool 102 is ended, the process
advances to a step S2-7, and the position/posture of the pre-
determined part of the work tool 102 is again instructed as a
position/posture P2 of the work stand-by condition or the like
by the standard control. The servo apparatus 1 of each joint
performs the shaft angle driving corresponding to the posi-
tion/posture P2 by the standard control, so that the predeter-
mined part of the work tool 102 moves to the position/posture
P2.

In the above operation procedure of the multi-joint robot
100, since the micro control is used when each servo appara-
tus 1 performs the minute shaft angle driving operation, it is
possible to achieve agility in the standard control and it is also
possible to achieve the precise robot operation by the micro
control, as the entire work.

Although the potentiometer 6 is used as the shaft angle
detecting unit in the present embodiment as described above,
the present invention is not limited to this. Namely, it may be
possible to use any type of shaft angle detecting unit such as
aresolver, a rotary encoder or the like, if it can detect the shaft
angle of the output shaft 1A. Here, it is needless to say that,
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even if theresolver, the rotary encoder or the like is used as the
shaft angle detecting unit, it is possible in the micro control to
control the servo apparatus 1 with the fraction multiple of the
resolution of the shaft angle detection.

According to the present invention, it is possible to perform
the micro control for driving and controlling the motor by the
fraction multiple driving instruction in which the average
value is the fraction multiple of the predetermined angular
unit. Thus, even if the stepping motor is not used, it is possible
to provide the servo apparatus which can perform the driving
control corresponding to the fraction multiple of the prede-
termined angular unit. In particular, it is possible to achieve
the quick driving by the standard control, and it is also pos-
sible to achieve the minute driving by the micro control.
Consequently, it is also possible to provide such a robot of
achieving both the quick movement and the minute move-
ment, for example, by applying the servo apparatus of the
present invention to the joint of the robot.

While the present invention has been described with refer-
ence to the exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-162890, filed Aug. 6, 2013, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A servo apparatus comprising:

a motor configured to output rotation;

a shaft angle detecting unit configured to detect an angle
change of a shaft rotating by the rotation output of the
motor, for a predetermined angular unit; and

a controlling unit configured to be able to perform standard
control of, based on an input indicated angle, generating
an integer multiple driving instruction corresponding to
an integer multiple of the predetermined angular unit,
and providing the generated integer multiple driving
instruction to the motor to drive and control the motor,

wherein the controlling unit can perform micro control of,
based on the input indicated angle, providing, to the
motor, a fraction multiple driving instruction in which
instructions corresponding to the integer multiple of the
predetermined angular unit are arranged to form a pre-
determined pattern with a predetermined period and an
average value thereof corresponds to a fraction multiple
of the predetermined angular unit, to drive and control
the motor.

2. The servo apparatus according to claim 1,

wherein the controlling unit has an expectation value
arrangement in which an arrangement concerning num-
ber of times of detecting the angle change of the shaft by
the shaft angle detecting unit while the micro control is
being performed is recorded for each fraction multiple,
and

wherein, in case of providing the fraction multiple driving
instruction to the motor based on the input indicated
angle, the controlling unit updates the fraction multiple
driving instruction such that a difference between the
expectation value arrangement and the number of times
of the angle change of the shaft detected by the shaft
angle detecting unit comes close.
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3. The servo apparatus according to claim 1,

wherein the shaft angle detecting unit comprises a detector
configured to detect a rotation change of the shaft as an
analog value, and

wherein the controlling unit performs AD (analog-to-digi-

tal) conversion to convert the analog value into a digital
value for each the predetermined angular unit, averages
the digital values of a predetermined number in the
standard control to generate a signal for each the prede-
termined angular unit, and makes the number of times of
averaging the digital values in the micro control smaller
than the predetermined number.

4. The servo apparatus according to claim 1, wherein the
shaft angle detecting unit includes a potentiometer.

5. A multi-joint robot which comprises a servo apparatus
for at least one joint thereof,

wherein the servo apparatus includes the servo apparatus

described in claim 1.

6. A controlling method for a servo apparatus, which com-
prises: a motor configured to output rotation; a shaft angle
detecting unit configured to detect an angle change of a shaft
rotating by the rotation output of the motor, for a predeter-
mined angular unit; and a controlling unit configured to be
able to perform standard control of, based on an input indi-
cated angle, generating an integer multiple driving instruction
corresponding to an integer multiple of the predetermined
angular unit, and providing the generated integer multiple
driving instruction to the motor to drive and control the motor,

wherein the controlling unit carries out a micro controlling

step to perform micro control of, based on the input
indicated angle, providing, to the motor, a fraction mul-
tiple driving instruction in which instructions corre-
sponding to the integer multiple of the predetermined
angular unit are arranged to form a predetermined pat-
tern with a predetermined period and an average value
thereof corresponds to a fraction multiple of the prede-
termined angular unit, to drive and control the motor.

7. The controlling method according to claim 6,

wherein the controlling unit has an expectation value

arrangement in which information concerning number
of times of detecting the angle change of the shaft by the
shaft angle detecting unit while the micro control is
being performed is recorded for each fraction multiple,
and

wherein, in case of providing the fraction multiple driving

instruction to the motor based on the input indicated
angle in the micro controlling step, the controlling unit
updates the fraction multiple driving instruction such
that a difference between the expectation value arrange-
ment and the number of times of the angle change of the
shaft detected by the shaft angle detecting unit comes
close.

8. The controlling method according to claim 6,

wherein the shaft angle detecting unit comprises a detector

configured to detect a rotation change of the shaft as an
analog value,

wherein the controlling unit performs AD conversion to

convert the analog value into a digital value for each the
predetermined angular unit, and averages the digital val-
ues of a predetermined number in the standard control to
generate a signal for each the predetermined angular
unit, and

wherein the controlling unit makes the number of times of

averaging the digital values in the micro controlling step
smaller than the predetermined number.
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